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The prostate gland is the most common site for cancer in males within the developed world. Androgens play a vital role in prostate development, maintenance of tissue function and pathogenesis of prostate disease. The androgen receptor signalling pathway facilitates that role in both the epithelial compartment and in the underlying stroma. Stroma is a key mediator of androgenic effects upon the epithelium and can regulate both the fate of the epithelial stem cell and potentially the initiation and progression of prostate cancer. Different groups of growth factors are expressed by stroma, which control proliferation, and differentiation of prostate epithelium demonstrating a critical role for stroma in epithelial growth and homeostasis. Paracrine stromal proteins may offer the possibility to control tumour stem cell growth and could permit prostate-specific targeting of both therapies and of androgenresponsive proteins. The effect of 5-dihydrotestosterone, the more potent metabolite of testosterone, on expression of androgen regulated genes in stroma from benign prostatic hyperplasia is a key mediator of epithelial cell fate. Global gene expression arrays have recently identified new candidate genes in androgen responsive stroma, some of which have androgen receptor binding sites in their promoter regions. Some of these genes have direct androgen receptor binding ability.
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THE PROSTATE GLAND AND PATHOLOGY

The prostate gland is the most common site of neoplastic disorders in men, which mainly develop after the age of 50. By this time, half of men will have a degree of benign prostate hyperplasia (BPH). At 80 years of age, 90% of men will have BPH symptoms [START_REF] Rizzo | Prostate epithelial stem cells[END_REF] and 23% of men will develop prostate cancer (CaP). CaP is now the most common cancer in men. Within the UK, 32,000 men were diagnosed with CaP in 2004, representing 12% of cancer incidence (Cancer Research UK). Increasingly, amongst the elderly male population prostate disease is having a significant effect on morbidity, mortality and health care resources.

The pathogenesis of BPH and CaP is still poorly understood [START_REF] Bonkhoff | Differentiation pathways and histogenetic aspects of normal and abnormal prostatc growth: a stem cell model[END_REF]. In BPH there is an androgen-mediated proliferation of the anterior prostate lobe possibly in response to decreasing levels of androgen, and changes in the balance between epithelial cell division and differentiation [START_REF] Rizzo | Prostate epithelial stem cells[END_REF]. This leads to symptoms of bladder outflow obstruction and abdominal pain, which are the most common referral reasons. A recent review even proposes mechanical urethral angulation to be a causative factor [START_REF] Cho | The overlooked cause of benign prostatic hyperplasia: prostatic urethral angulation[END_REF]. BPH is not a precursor for CaP, other precursor lesions are recognised and are discussed below. Current therapeutic options for CaP remain inadequate [START_REF] Chung | New targets for therapy in prostate cancer: modulation of stromal-epithelial interactions[END_REF]. While tumours initially respond well to androgen reduction, the duration of response is short, typically 12-33 months. At this time a population of cells resistant to androgen deprivation therapy emerges [START_REF] Rizzo | Prostate epithelial stem cells[END_REF].

Prostatic intraepithelial neoplasia (PIN) represents a precursor lesion for invasive CaP development. This lesion is characterized by expression of bcl2, c-Met and nuclear phosphoprotein pp32 [START_REF] Bui | Stem cell genes in androgen-independent prostate cancer[END_REF]. A low grade PIN lesion is often a well differentiated early invasive tumour with a high percentage of basal cells. The high grade lesions form poorly differentiated tumours with a secretory luminal cell population [START_REF] Bonkhoff | Differentiation pathways and histogenetic aspects of normal and abnormal prostatc growth: a stem cell model[END_REF].

PROSTATE ARCHITECTURE

The normal prostate is a walnut sized gland composed of different cell types that can be distinguished by their cytokeratin (CK) and cluster differentiation (CD) expression patterns. Three main cell types are discernible within normal, mature prostatic epithelium -basal, secretory luminal and neuroendocrine. The luminal or glandular cells constitute the exocrine compartment of the prostate, secreting prostate specific antigen (PSA) and prostatic acid phosphatase (PAP) into the glandular lumina. They are terminally differentiated, and represent the major cell type in normal and hyperplastic epithelium. They express high levels of the androgen receptor (AR), and depend on androgens for their survival [START_REF] Collins | Prostate cancer stem cells[END_REF]. They also express CK-8 and CK-18.

A c c e p t e d M a n u s c r i p t

In contrast, basal cells are relatively undifferentiated and lack secretory activity. As their name suggests, basal cells rest on the basement membrane and morphologically range from small flattened to cuboidal cells. They express low/undetectable levels of AR [START_REF] Bonkhoff | Differentiation pathways and histogenetic aspects of normal and abnormal prostatc growth: a stem cell model[END_REF] and are independent of androgens for their survival [START_REF] Collins | Prostate cancer stem cells[END_REF]. Basal cells focally express the oestrogen receptor and can proliferate under oestrogen therapy [START_REF] Collins | Prostate cancer stem cells[END_REF]. Basal cells express CK-5, CK-14, CD44, p63, a homologue of the tumour suppressor gene p53, and the anti-apoptotic protein bcl-2. Basal cells do not express androgen receptor (AR), although there may be focal expression of nuclear oestrogen, progesterone, and glucocorticoid receptors [START_REF] Bonkhoff | Differentiation pathways and histogenetic aspects of normal and abnormal prostatc growth: a stem cell model[END_REF], and hence they are androgenindependent. Within this basal compartment are the epithelial stem cells and transiently proliferating/amplifying (TP/A) cells expressing CK-5, CK-18, CK-17, CK-19 and bcl-2 [START_REF] Rizzo | Prostate epithelial stem cells[END_REF]. A further subpopulation of partially differentiated basal cells expressing CK-5, CK-14, and weak CK-18 is also documented [START_REF] Rizzo | Prostate epithelial stem cells[END_REF]. Expression patterns change as cells differentiate, resulting in an increase in CK-18 expression. The epithelial stem cells can also express CD133, a human analogue of prominin which is localised at membrane protrusions [START_REF] Richardson | CD133, a novel marker for human prostatic epithelial stem cells[END_REF]). This stem cell population adheres rapidly to collagen as the cells also express high levels of  2  1  integrin. The CD133+ population was shown to have high proliferative output, and high colony-forming efficiency, expressing CK-18, PSA, PAP, and AR negative [START_REF] Richardson | CD133, a novel marker for human prostatic epithelial stem cells[END_REF][START_REF] Collins | Prospective identification of tumorigenic prostate cancer stem cells[END_REF]. A further cell surface antigen, prostate stem cell antigen (PSCA) has also been found to be expressed on basal cells [START_REF] Bui | Stem cell genes in androgen-independent prostate cancer[END_REF], although this population is mainly localized to the TP/A basal cell compartment rather than the stem cell compartment, and PSCA mRNA is also expressed in high grade PIN [START_REF] Bui | Stem cell genes in androgen-independent prostate cancer[END_REF]. The breast cancer resistance protein [START_REF] Huss | Breast cancer resistance protein-mediated efflux of androgen in putative benign and malignant prostate stem cells[END_REF]) is a further putative stem cell marker. This too is predominantly expressed by TP/A basal cells and in BPH.

Significant populations of neuroendocrine cells, sometimes referred to as endocrine-paracrine cells also reside among the more abundant secretory epithelium in the normal prostate gland. These cells are found in the epithelium of the acini and in ducts of all parts of the gland. The major type of neuroendocrine cells contain serotonin, thyroid-stimulating hormone and chromogranin A. Neuroendocrine cells are terminally differentiated, post-mitotic cell types that are androgen-insensitive [START_REF] Bui | Stem cell genes in androgen-independent prostate cancer[END_REF] and can also express neuropeptide Y. Immunoreactivity to neuropeptide Y was demonstrated in up to 75% of CaP, suggesting a role in growth and progression of CaP [START_REF] Ruscica | Role of neuropeptide Y and its receptors in the progression of endocrine-related cancer[END_REF]. These differentiated cell populations can become more prominant in CaP with changes in number, histology and function [START_REF] Nelson | Clinical implications of neuroendocrine differentiation in prostate cancer[END_REF][START_REF] Schalken | Cellular and molecular biology of the prostate: stem cell biology[END_REF] suggesting a regulatory role and demonstrating the plasticity of the differentiation program even in CaP. Mitogenic and oncogenic activities have also been demonstrated, for example expression of vascular endothelial growth factor (VEGF) leading to angiogenesis.

A c c e p t e d M a n u s c r i p t Some neuroendocrine cells can also express somatostatin and even PSA [START_REF] Nelson | Clinical implications of neuroendocrine differentiation in prostate cancer[END_REF].

Stromal epithelial interactions in the prostate

The prostate is a complex tubulo-alveolar gland composed of an epithelial parenchyma embedded within a stromal tissue matrix. The stromal cells are responsible for direction of epithelial cell development, maintenance and differentiation. Stromal cells supply nutrients and growth factors, express adrenergic receptors, steroid receptors including AR, oestrogen receptor (ER, ER) and 5--reductase (required for conversion of testosterone to 5dihydrotestosterone; DHT). The three major cell types within stroma are:myofibroblasts, fibroblasts and smooth muscle cells within a connective tissue matrix. Myofibroblasts express procollagen 1, and are the main cell type within CaP reactive stroma [START_REF] Ayala | Reactive stroma as a predictor of biochemical-free recurrence in prostate cancer[END_REF]. Desmin, -actin, calponin, caldesmon, myosin, smoothelin and dystrophin are expressed by smooth muscle cells [START_REF] Antonioli | Effects of long-term castration on the smooth muscle cell phenotype of the rat ventral prostate[END_REF]. Fibroblasts express vimentin and laminin [START_REF] Micke | Tumour-stroma interaction: cancer-associated fibroblasts as novel targets in anti-cancer therapy?[END_REF]Östman, 2004, De Wever et al, 2003). Expression of these markers has been associated with CaP grade and survival [START_REF] Ayala | Reactive stroma as a predictor of biochemical-free recurrence in prostate cancer[END_REF]. Reactive CaP stroma is characterised by an increase in myofibroblasts and fibroblasts, with a significant decrease or complete loss of smooth muscle cells [START_REF] Ayala | Reactive stroma as a predictor of biochemical-free recurrence in prostate cancer[END_REF],: see section 3.4.

Paracrine Growth factors

Stromal cells produce several growth factors under the influence of androgens, some of these are discussed below. Androgens play a central role in the maintenance of prostate tissue and can regulate growth and differentiation of the different epithelial cell types, either directly or indirectly via the stroma. In the absence of ligand some of these growth factor pathways can still activate AR.

3.2a Transforming growth factor  (TGF)

TGF exists in three different isoforms (1-3); all are potent inhibitors of epithelial cell growth and migration, but stimulate mesenchymal (stromal) cell proliferation and migration [START_REF] Micke | Tumour-stroma interaction: cancer-associated fibroblasts as novel targets in anti-cancer therapy?[END_REF]. Other actions include transdifferentiation of fibroblasts to myofibroblasts, and induction of extracellularmatrix components such as collagen, fibronectin, thrombospondin, osteopontin, osteonectin, elastin and protease inhibitors by cancer cells [START_REF] Chung | New targets for therapy in prostate cancer: modulation of stromal-epithelial interactions[END_REF]. These factors are especially important for the survival of metastatic cancer cells in bone. Most research in the prostate concerns TGF1. TGF synthesis is enhanced in CaP, but not in PIN or BPH [START_REF] Zhao | CpG methylation at promoter site-140 inactivates TGF2 receptor gene in prostate cancer[END_REF]. As CaP progresses, the cancer cells become refractory to the growth inhibitory effects of TGF1. This is associated with a poor prognosis and similarly high expression of TGF1, or loss of TGF-receptor, all are poor prognostic factors [START_REF] Gerdes | Regulation of rat prostate stromal cell myodifferentiation by androgen and TGF-1[END_REF]. TGF receptors-1 and -2 mediate signalling. In CaP, TGF receptor-2 is progressively A c c e p t e d M a n u s c r i p t lost due to promoter methylation leading to decreased growth inhibitory effects [START_REF] Zhao | CpG methylation at promoter site-140 inactivates TGF2 receptor gene in prostate cancer[END_REF]. Treatment with demethylating agents, such as 5-aza-2'deoxycytidine, can restore expression of receptor-2 and sensitivity to TGF.

Complex cross-talk between androgen and TGF1 is well established in prostate stromal cells. TGF1 can transiently induce AR translocation from the nucleus to the cytoplasm and induce differentiation of fibroblasts to a myofibroblast phenotype, associated with cancer reactive stroma [START_REF] Gerdes | Regulation of rat prostate stromal cell myodifferentiation by androgen and TGF-1[END_REF]. Secreted TGF is bound to latent TGF binding protein-1. PSA is able to cleave this binding protein reducing release of TGF from extracellular matrix bound stores (Dallas et al, 2005). TGF1 can also directly stimulate secretion of basic fibroblast growth factor (bFGF/FGF2) in prostate stroma. This could lead to the antiproliferative effects of TGF1 being antagonized by FGF2 [START_REF] Collins | Benign prostatic stromal cells are regulated by basic fibroblast growth factor and transforming growth factor-1[END_REF]. Prostate-derived factor (PDF), is a member of the TGF superfamily and also acts as a paracrine and autocrine factor to induce proliferation of prostate cancer cells [START_REF] Chen | Prostate-derived factor as a paracrine and autocrine factor for the proliferation of androgen receptor-positive human prostate cancer cells[END_REF]. Secretion of PDF was shown to induce proliferation and clonogenic growth of androgen receptor positive cells via the ERK1/2 signalling pathway [START_REF] Chen | Prostate-derived factor as a paracrine and autocrine factor for the proliferation of androgen receptor-positive human prostate cancer cells[END_REF]. TGF2, 3 are predominantly expressed by prostate epithelial cells (Hisataki et al, 2004, Dallas et al, 2005) in contrast to TGF1 which is expressed by both stroma and epithelium. All three isoforms were able to induce expression of desmin and myosin -key stromal smooth muscle proteins, and significantly inhibited growth of prostate stromal cells (Hisataki et al, 2004). TGF2 has been shown to signal via the NF-B pathway which, when activated can also block apoptosis, promoting tumour cell survival (Lu et al, 2004).

3.2b Platelet Derived Growth factor (PDGF)

Four PDGF polypeptide chains have been identified which can generate five dimeric PDGF isoforms. These are potent mitogens and chemoattractants for mesenchymal cells [START_REF] Heldin | New members of the plateletderived growth factor family of mitogens[END_REF]. PDGF can stimulate TGF release and promote myofibroblast differentiation. Growth factors secreted in response to PDGF stimulation include insulin like growth factor (IGF-1), hepatocyte growth factor (HGF), FGF2, and endothelin-3. While there is no evidence for PDGF binding to AR, PDGF can stimulate both TGF1 and FGF2, which have been shown to bind AR [START_REF] Gerdes | Regulation of rat prostate stromal cell myodifferentiation by androgen and TGF-1[END_REF][START_REF] Kwabi-Addo | The role of fibroblast growth factors and their receptors in prostate cancer[END_REF]. Small molecule inhibitors against TGF and PDGF are now in clinical trials and may represent a stromal targeted therapy [START_REF] De Wever | Role of tissue stroma in cancer cell invasion[END_REF].

3.2c Fibroblast Growth factors

There are many FGF members, which function as growth regulatory proteins. FGF2, 8, 9, 10 and keratinocyte growth factor (KGF/FGF7) are the main stromal A c c e p t e d M a n u s c r i p t expressed proteins [START_REF] Kwabi-Addo | The role of fibroblast growth factors and their receptors in prostate cancer[END_REF]. FGF9 is a more potent mitogen for BPH epithelium and stroma than FGF2 or FGF7 [START_REF] Giri | FGF9 is an autocrine and paracrine prostatic growth factor expressed by prostatic stromal cells[END_REF]. Prostate epithelial cells express multiple FGF receptors, FGFR-1 and FGFR-2 localised on basal cells, FGFR-4 on luminal cells, and FGFR-3 is also detected on epithelium. These receptors have multiple isoforms and can bind multiple FGF members [START_REF] Kwabi-Addo | The role of fibroblast growth factors and their receptors in prostate cancer[END_REF] 

Table 1. Fibroblast growth factors and their effects on prostate stroma and epithelial cells.

3.2d Epidermal Growth Factor (EGF)

EGF has a 35% sequence homology with transforming growth factor  (TGF) and can bind to the same trans-membrane receptor (EGFR/erbB1) in CaP. EGF and TGF are both potent mitogens, and EGF can stimulate cell motility and invasion of CaP [START_REF] Festuccia | Epidermal growth factor modulates prostate cancer cell invasiveness regulating urokinase-type plasminogen activator activity[END_REF]. Stromal expression of EGF has been shown, especially in osteogenic stroma where it may act as a chemoattractant for CaP invasion [START_REF] Festuccia | Epidermal growth factor modulates prostate cancer cell invasiveness regulating urokinase-type plasminogen activator activity[END_REF]. The epidermal growth factor receptor-2 (ERBB2/Her-2) has significant homology with EGFR. ERBB2 gene amplification has been reported in breast and ovarian malignancies associated with poor prognosis, however, this is less apparent in CaP [START_REF] Savinainen | Expression and gene copy number analysis of ERBB2 oncogene in prostate cancer[END_REF]. Plasma membrane co-localization of AR and EGFR has been demonstrated in the PC-3 AR transfected CaP cell line and the androgen-sensitive LNCaP cell lines and co-immunoprecipitation confirmed an interaction [START_REF] Bonaccorsi | The androgen receptor associates with the epidermal growth factor receptor in androgen-sensitive prostate cancer cells[END_REF]. This interaction may also be important for invasion and metastasis of CaP. In the LNCaP cell line, both EGF and androgen could induce cell cycle regulated genes. Of those genes, 75% were the same suggesting EGF can stimulate androgen-regulated genes in the absence of androgen [START_REF] Oosterhoff | Expression profiling of androgen-dependent and -independent LNCaP cells: EGF versus androgen signalling[END_REF]. HGF / scatter factor plays a critical role in the regulation of cell growth, motility, morphogenesis, and angiogenesis of tumours. Aberrant expression of HGF and its transmembrane tyrosine kinase receptor c-Met can often correlate with poor prognosis in cancer [START_REF] Verras | The androgen receptor negatively regulates the expression of c-Met: Implicatuions for a novel mechanism of prostate cancer progression[END_REF]. In lung adenocarcinoma a significant relationship between myofibroblast c-Met expression and decreased patient survival was demonstrated, and similarly between high c-Met expression and stage 1A (lower stage) disease [START_REF] Tokunou | c-MET expression in myofibroblasts-Role in autocrine activation and prognostic significance in lung adenocarcinoma[END_REF]. A paracrine mechanism for HGF has been implicated in CaP progression as the c-Met receptor is expressed by both myofibroblasts and basal intermediate epithelial cells [START_REF] Schalken | Cellular and molecular biology of the prostate: stem cell biology[END_REF]. A further cell surface HGF binding protein, nucleolin has been shown in CaP [START_REF] Tate | Met-independent hepatocyte growth factor-mediated regulation of cell adhesion in human prostate cancer cells[END_REF]. Nucleolin can bind heparinbound growth factors and can be upregulated during CaP progression [START_REF] Tate | Met-independent hepatocyte growth factor-mediated regulation of cell adhesion in human prostate cancer cells[END_REF]. AR has been shown to repress c-Met expression in a ligand dependent manner via an Sp1 mediated transcription pathway [START_REF] Verras | The androgen receptor negatively regulates the expression of c-Met: Implicatuions for a novel mechanism of prostate cancer progression[END_REF]. However, AR suppression (for example by SiRNA treatment or castration), can activate c-Met, leading to androgen independent growth in CaP [START_REF] Maeda | Inactivation of AR activates HGF/c-Met system in human prostatic carcinoma cells[END_REF]. C-Met expression is also regulated by other growth factors including TGF1 and PDGF in lung adenocarcinoma and FGF2 and PDGF can induce HGF expression and interact with the EGF receptor [START_REF] Tokunou | c-MET expression in myofibroblasts-Role in autocrine activation and prognostic significance in lung adenocarcinoma[END_REF][START_REF] Sirotnak | Microaaray analysis of prostate cancer progression to reduced androgen dependence: Studies in unique models contrasts early and late molecular events[END_REF].

3.2f Insulin-like Growth factor (IGF1)

IGF1 is produced mainly by prostatic stroma, whereas the receptor (IGF-R1) is expressed on basal and luminal epithelial cells [START_REF] Ohlson | Castration-induced epithelial cell death in human prostate tissue is related to locally reduced IGF-1 levels[END_REF]. Receptor activation stimulates proliferation, repression of apoptosis and survival of CaP [START_REF] Ohlson | Castration-induced epithelial cell death in human prostate tissue is related to locally reduced IGF-1 levels[END_REF]. Inhibition of AR can rapidly decrease IGF1 mRNA levels in normal stroma, but does not affect the low epithelial expression or expression within tumour stroma [START_REF] Ohlson | Castration-induced epithelial cell death in human prostate tissue is related to locally reduced IGF-1 levels[END_REF]. IGF1 expression in epithelial cells was also increased in CaP and androgen induction of IGF1 synthesis has been shown. High IGF1 stores are found in bone, the main site for CaP metastasis [START_REF] Ohlson | Castration-induced epithelial cell death in human prostate tissue is related to locally reduced IGF-1 levels[END_REF]. [START_REF] Danielpour | Functions and regulation of transforming growth factor-beta (TGF-) in the prostate[END_REF] showed that activation of IGF-R1 can block the induction of apoptosis by TGF1 in prostatic epithelial cells, suggesting a cross-talk between IGF1 and TGF1. Similarly IGF1, DHT and EGF each stimulated 20 genes common to all, suggesting IGF1 can stimulate androgen regulated genes in CaP epithelial cells [START_REF] York | cDNA microarray analysis identifies genes induced in common by peptide growth factors and androgen in human prostate epithelial cells[END_REF].

3.2g Caveolin 1

Caveolin is a component of caveolae membranes which function as a scaffold protein and can associate with EGFR and insulin receptor [START_REF] Lu | Caveolin-1 interacts with androgen receptor[END_REF]. Expression has been detected in both epithelium and stroma and has been correlated with CaP progression [START_REF] Lu | Caveolin-1 interacts with androgen receptor[END_REF], as is also the case in primary and metastatic breast cancer [START_REF] Yang | Elevated expression of caveolin is associated with prostate and breast cancer[END_REF]. Over expression of caveolin 1

A c c e p t e d M a n u s c r i p t can inhibit ERBB2 expression and promote CaP progression. Co-localization of AR with caveolin-rich membrane regions is androgen dependent and an interaction with the AR ligand-binding domain has been shown [START_REF] Lu | Caveolin-1 interacts with androgen receptor[END_REF]. ER can also interact directly with caveolin 1, and since both AR and ER are expressed by the stroma, this underlines the importance of caveolin 1 to prostate stroma [START_REF] Freeman | Membrane rafts as potential sites of nongenomic hormonal signaling in prostate cancer[END_REF].

3.2h Hypoxia-inducible factor (HIF1)

Increased expression of HIF1 transcription factor has been correlated with diagnostic and prognostic factors in CaP and also in the presence of bone metastasis [START_REF] Du | Expression of hypoxia-inducible factor 1 alpha in human normal, benign, and malignant prostate tissue[END_REF]. HIF1 expression was also detected in high grade PIN [START_REF] Kimbro | Hypoxia-inducible factor-1 in human breast and prostate cancer[END_REF]. Tumour hypoxia, a regular feature as tumours increase in size, also results in up regulation of HIF1 and VEGF. DHT stimulates both HIF1 protein expression and VEGF production while EGF binding to EGFR can also increase HIF1 expression [START_REF] Kimbro | Hypoxia-inducible factor-1 in human breast and prostate cancer[END_REF].

3.2i Interleukin 6 (IL-6)

In CaP, IL-6 induces divergent proliferative responses. IL-6 expression is also detected in PIN and BPH. IL-6 is secreted by prostate stroma and both stroma and epithelium express the IL-6 receptor which signals through the JAK/STAT pathway [START_REF] Culig | Interleukin-6 regulates androgen receptor activity and prostate cancer cell growth[END_REF]. IL-6 can activate AR in AR transfected cells, and IL-6 activation of AR is enhanced by the AR co-activator SRC-1 [START_REF] Culig | Expression and function of androgen receptor coactivators in prostate cancer[END_REF]. IL-6 mediated growth arrest of the LNCaP prostate cancer cell line is lost during prolonged treatment possibly as a result of changes in signal transduction [START_REF] Culig | Interleukin-6 regulates androgen receptor activity and prostate cancer cell growth[END_REF].

3.2j Vascular endothelial growth factor (VEGF)

Stromal myofibroblasts produce and secrete VEGF which acts to stimulate tumour angiogenesis and increased microvessel density in response to hypoxia and HIF1 (Levine et al, 1998, Kimbro and[START_REF] Kimbro | Hypoxia-inducible factor-1 in human breast and prostate cancer[END_REF]. Under these conditions DHT can further stimulate both VEGF production and HIF1 protein expression [START_REF] Kimbro | Hypoxia-inducible factor-1 in human breast and prostate cancer[END_REF]. On foetal prostate fibroblasts DHT induced a two fold increase in the VEGF transcription rate and VEGF protein levels [START_REF] Levine | Androgens induce the expression of vascular endothelial growth factor in human fetal prostatic fibroblasts[END_REF], suggesting VEGF is androgen regulated. VEGF expression is confined to stroma in BPH, but in CaP both stroma and epithelium can express VEGF [START_REF] Levine | Androgens induce the expression of vascular endothelial growth factor in human fetal prostatic fibroblasts[END_REF].

Further transcriptional targets for AR include protein kinase A, protein kinase C, and mitogen-activated protein kinase in the AR responsive LNCaP and 22RV1 CaP cell lines [START_REF] Wang | Identification of genes targeted by the androgen and PKA signaling pathways in prostate cancer cells[END_REF]. The use of microarrays has influenced the discovery of potential androgen regulated genes in prostate stroma. Joesting et As discussed earlier (section 2), the cancer stem cell population resides in the basal compartment and is AR negative, whereas the luminal epithelial cells express AR. However, after androgen therapies for CaP, the prostate epithelium becomes androgen refractive (section 1). The malignant epithelium and ARmediated growth is likely to be stimulated by stromally-derived paracrine factors [START_REF] Chung | Stromal-epithelial interaction in prostate cancer progression[END_REF]. A number of the stromal factors discussed above have been shown to have effects on proliferation, motility and invasion of epithelial cells. These factors can be activated in the absence of androgens and lead to androgen independent growth of CaP [START_REF] Maeda | Inactivation of AR activates HGF/c-Met system in human prostatic carcinoma cells[END_REF], suggesting that both the AR-and AR+ populations can be affected by paracrine stromal factors. The stem cell AR-population has the propensity for self-renewal and is undifferentiated compared to the AR+ population suggesting that stem cell fate could be influenced by androgen action on the stroma.

Global gene expression analysis of BPH prostate stroma

In our laboratory we have set out to further identify androgen-regulated factors produced by the stroma that may affect epithelial stem cell fate. The AR positive population in stroma expresses integrin  1  1 , which can be used to isolate the AR fraction from stroma using magnetic cell sorting. Stroma was treated with DHT, RNA isolated, cRNA synthesized and subsequently hybridized to affymetrix GeneChip® cDNA microarrays [START_REF] Berry | The role of androgen signalling in the regulation of human prostate epithelial stem cell differentiation[END_REF]. Analysis at two time points of DHT induction revealed 165 and 204 probes differentially expressed at 6h and 14h respectively. Within these lists were genes highly significant by expression, prostate specific, proliferation and differentiation associated, paracrine and autocrine factors, transcription factors, signalling effectors and putative androgen response genes. We have characterized some of these genes by RT-PCR, for protein expression and for functional AR binding. Stromal interaction molecule-1 (STIM1), a 90Kda cell surface transmemebrane glycoprotein is ubiquitously expressed by various human cell lines and tumours [START_REF] Manji | STIM1: a novel phosphoprotein located at the cell surface[END_REF]. STIM1 has been implicated in proliferation, migration and metastasis of cancer cells (Suyama et al, 2004). We have shown STIM1 protein is expressed by stroma and that expression is increased with DHT treatment. AR binding was determined using a chromatin immunoprecipitation assay which demonstrated binding to putative androgen response elements (ARE) within the STIM1 promoter.

Stromal-mediated effects influenced by AR signalling include epithelial proliferation, ductal branching morphogenesis, cytodifferentiation of epithelial A c c e p t e d M a n u s c r i p t cells, and maintenance of a growth-quiescent prostate. In contrast, the epithelial AR is required for expression of secretory proteins, such as PSA [START_REF] Cunha | Role of the stromal microenvironment in carcinogenesis of the prostate[END_REF]. Stromal cells, together with extracellular matrix, provide a microenvironment that is pivotal for cancer cell growth, invasion and metastasis [START_REF] Micke | Tumour-stroma interaction: cancer-associated fibroblasts as novel targets in anti-cancer therapy?[END_REF]. In CaP there is a reduction in smooth muscle cells and fibroblasts with a further emergence of myofibroblasts, leading to what has been termed a cancer reactive stroma. Here, cells continue to express the structural proteins  actin, vimentin, fibronectin, and some integrins [START_REF] Tuxhorn | Reactive stroma in human prostate cancer: induction of myofibroblast phenotype and extracellular matrix remodeling[END_REF][START_REF] Goo | Stromal mesenchyme cell genes of the human prostate and bladder[END_REF]. Reactive stroma has also been documented within PIN lesions, including: elevated vimentin expression, increased fibroblasts and the presence of myofibroblasts even though this is a pre-malignant state [START_REF] Tuxhorn | Reactive stroma in human prostate cancer: induction of myofibroblast phenotype and extracellular matrix remodeling[END_REF].

Cancer reactive stroma

Stromal cells are maintained during androgen ablation, unlike the luminal epithelial cell population that undergoes apoptosis [START_REF] Setlur | Current thoughts on the role of the androgen receptor and prostate cancer progression[END_REF]. Levels of stromal, androgen-regulated growth factors, such as FGF and TGF decline. An altered stromal microenvironment always co-exists with CaP [START_REF] De Wever | Role of tissue stroma in cancer cell invasion[END_REF]. In desmoplastic tumours the stromal compartment can increase in size, reaching up to 90% [START_REF] Brennen | Fibroblast activation protein: Targeting the reactive tumor stroma[END_REF]. Stromal cells alter the tumorigenic and metastatic potential of prostate epithelium and the characteristic reactive stroma emerges [START_REF] Chung | New targets for therapy in prostate cancer: modulation of stromal-epithelial interactions[END_REF]. There is also a loss of normal tissue architecture, nuclear atypia, genetic alterations, loss of tissue boundaries, and angiogenesis [START_REF] Cunha | Role of the stromal microenvironment in carcinogenesis of the prostate[END_REF]. These altered microenvironments may allow a mechanism for a hormone-sensitive tumour to escape hormonal control, leading to an androgen-independent tumour and progression of disease. Tumour associated stroma is not restricted to CaP, it has also been documented in breast cancer, characterized by high expression of metalloproteinase-2, fibroblast activation protein (FAP), stromeolysin 3, tenascin, and hyaluronan expression [START_REF] Grossfeld | The role of stroma in prostatic carcinogenesis[END_REF][START_REF] Tuxhorn | Reactive stroma in human prostate cancer: induction of myofibroblast phenotype and extracellular matrix remodeling[END_REF]. The stromal microenvironment can also regulate E-cadherin expression in the epithelium, which is important for cell adhesion and associates with  catenin which is involved in Wnt signalling [START_REF] Etheridge | Expression profiling and functional analysis of Wnt signaling mechanisms in mesenchymal stem cells[END_REF]).

E-cadherin down regulation leads to decreased adherence of cells, and may be a precursor for both increased cell motility and metastatic spread, resulting in a tumour which has escaped hormonal control, leading ultimately to androgenindependent disease. FAP is a cell surface glycoprotein with protease activity, whose expression is confined to tumour reactive stroma. FAP is expressed not only in CaP [START_REF] Tuxhorn | Reactive stroma in human prostate cancer: induction of myofibroblast phenotype and extracellular matrix remodeling[END_REF], but was also found to be expressed in more than 90% of lung, breast and colon carcinomas [START_REF] Mersmann | Human antibody derivatives against the fibroblast activation protein for tumour stroma targeting of carcinomas[END_REF]. FAP may also represent a pathway for a stromal targeted therapy by selective activation of a prodrug consisting of a FAP specific peptide substrate coupled to a potent cytotoxin to target FAP positive tumour stromal cells [START_REF] Brennen | Fibroblast activation protein: Targeting the reactive tumor stroma[END_REF].

A c c e p t e d M a n u s c r i p t

Usually the stroma is genetically stable and less likely to undergo genetic changes which can result in chemoresistance [START_REF] De Wever | Role of tissue stroma in cancer cell invasion[END_REF]. However, tumour-suppressor gene mutations have been documented within stroma and can affect tumour progression [START_REF] Hill | Selective evolution of stromal mesenchyme with p53 loss in response to epithelial tumourigenesis[END_REF]. In a mouse model of CaP, inhibition of the retinoblastoma gene function induced a paracrine p53 response and suppression of associated stromal cells and led to a proliferative stroma with p53 loss [START_REF] Hill | Selective evolution of stromal mesenchyme with p53 loss in response to epithelial tumourigenesis[END_REF]. Loss of heterozygosity (LOH) at several loci has been demonstrated in up to 75% of mammary stroma samples. The most frequent alterations were at chromosome 17q, 16q, 3p, and 11q (Monifar et al, 2000). Bladder stromal samples also showed LOH at 17p, 3p and 9q [START_REF] Paterson | Molecular genetic alterations in the laser-capture-microdissected stroma adjacent to bladder carcinoma[END_REF]. Stromal LOH was detected in up to 78% of samples, in at least one of three markers examined. Further, evidence for genetic instability in microdissected human prostate stroma at 8p has been shown [START_REF] Macintosh | Precise microdissection of human prostate cancers reveals genotypic heterogeneity[END_REF], where LOH was found in 33% of tumour associated stromal samples.

Another study evaluated gene methylation of glutathione S-transferease 1 (GSTP1), retinoic acid recetor 2 (RAR1) and CD44, three genes shown to be methylated in CaP epithelium. Methylation of GSTP1 and RAR2 was documented in 80% of stromal samples although only five samples were analysed in this study [START_REF] Hanson | Gene promoter methylation in prostate tumor-associated stromal cells[END_REF]. This suggests a therapy that can also target the stromal compartment to prevent acceleration of tumourigenesis would be most useful [START_REF] Hill | Selective evolution of stromal mesenchyme with p53 loss in response to epithelial tumourigenesis[END_REF]. High levels of epithelial AR expression, or low stromal AR expression correlated with recurrence of CaP or earlier relapse of disease [START_REF] Ricciardelli | Androgen receptor levels in prostate cancer epithelial and peritumoral stromal cells identify nonorgan confined disease[END_REF]. AR amplification does not necessarily lead to increased AR expression, but can affect PSA expression and patient survival [START_REF] Setlur | Current thoughts on the role of the androgen receptor and prostate cancer progression[END_REF]Rubin, 2005, Edwards et al, 2003). AR amplification maybe a mechanism whereby CaP is sensitive to reduced androgen levels after androgen ablation therapy [START_REF] Heinlein | Androgen receptor in prostate cancer[END_REF].

4.1 ANDROGEN RECEPTOR SIGNALLING PATHWAY.

The androgen receptor signalling pathway is critical to the development and progression of CaP and BPH [START_REF] Holzbeierlein | Gene expression analysis of human prostate carcinoma during hormonal therapy identifies androgen-responsive genes and mechanisms of therapy resistance[END_REF]. The AR mediates male sexual differentiation during development, sperm production from puberty, and maintenance of normal prostate [START_REF] Heinlein | Androgen receptor in prostate cancer[END_REF]. The prostate stem cells do not express the AR, but the prostate stroma does, hence the importance of prostate stroma in AR signalling. The AR has three main domains, a Cterminal ligand binding domain (LBD), an N-terminal transcriptional activation domain and a central DNA binding domain consisting of two zinc finger motifs and a hinge domain. Binding of androgen induces a conformational change, receptor dimerization, and nuclear translocation of the hormone-receptor complex [START_REF] Setlur | Current thoughts on the role of the androgen receptor and prostate cancer progression[END_REF]. This complex binds to specific androgen response elements (ARE) in the upstream promoter of target genes and along with several co-activator proteins (co-activators and co-repressors), leads to transcriptional activation and modulation of an RNA polymerase II transcription complex that can regulate expression of androgen-regulated genes (Shang et al, [START_REF] Cano | Stromalepithelial cell interactions and androgen receptor-coregulator recruitment is altered in the tissue microenvironment of prostate cancer[END_REF]. ARE motifs are 15bp palindromic units with a high degree of homology to the consensus ARE motif AGAACAnnnTGTTCT and are found in a wide range of differing genes, some of which have been associated with prostate disease (Holzerbeierlein et al, 2004[START_REF] York | cDNA microarray analysis identifies genes induced in common by peptide growth factors and androgen in human prostate epithelial cells[END_REF]. Since this ARE unit can bind AR, an ARE in the gene promoter sequence suggests a potential direct mechanism of action on AR binding. The best characterised androgen response elements are those in the 5' PSA promoter/enhancer. Two ARE are found in the PSA proximal promoter, and a further ARE in the enhancer region of the PSA gene [START_REF] Shang | Formation of the androgen receptor transcription complex[END_REF][START_REF] Riegman | The Promoter of the prostate-specific antigen gene contains a functional androgen responsive element[END_REF].

Experiments using AR chromatin immunoprecipitation coupled with DNA microarrays showed that most AR binding sites were far from the transcriptional start site of androgen responsive genes [START_REF] Wang | A hierarchical network of transcription factors governs androgen receptor-dependent prostate cancer growth[END_REF]. In two studies only 5-10% of potential AR binding sites had a typical 15bp canonical ARE, 16-22% had no ARE motif and a further 68-79% had a non-canonical 15bp or 6bp half site ARE. These non-canonical sites, some of which were frequently repeated, are thought to be more important for enhancer promoter function [START_REF] Wang | A hierarchical network of transcription factors governs androgen receptor-dependent prostate cancer growth[END_REF][START_REF] Massie | New androgen receptor genomic targets show an interaction with the ETS1 transcription factor[END_REF]. Many of these binding sites were located downstream from the start of transcription, in intronic regions or a long way upstream from the transcription start site [START_REF] Suyama | Identification of novel androgen response genes in prostate cancer cells by coupling chromatin immunoprecipitation and genomic microarray analysis[END_REF]. Hence, ARE provide little evidence of selective pressure on the promoter, but may allow for combinatorial transcription factor regulation [START_REF] Bolton | Cell-and gene-specific regulation of primary target genes by the androgen receptor[END_REF].

Enhancer ARE can often be low affinity for AR, non-canonical ARE can be found in the enhancer region as compared to the promoter ARE. However, [START_REF] Kang | Coregulator recruitment and histone modifications in transcriptional regulation by the androgen receptor[END_REF] found that 200X more AR was loaded on to the enhancer compared to the promoter ARE of the PSA gene, but both promoter and enhancer ARE were needed for maximal activity. Conversely, more RNA polymerase II transcription factor was recruited to the promoter ARE. Differential histone acetylation modifications were noted between the promoter and enhancer ARE of PSA with the promoter ARE dependent on RNA polymerase II phosphorylation [START_REF] Kang | Coregulator recruitment and histone modifications in transcriptional regulation by the androgen receptor[END_REF][START_REF] Wang | Spatial and temporal recruitment of androgen receptor and its coactivators involves chromosomal looping and polymerase tracking[END_REF].

The AR can also be modulated by oestrogen, although oestrogen and androgen do not function synergistically but exert their effects independently. However, one steroid can increase sensitivity for the other [START_REF] Collins | Androgen and oestrogen responsiveness of stromal cells derived from the human hyperplastic prostate: oestrogen regulation of the androgen receptor[END_REF]. For example oestrogen can stimulate the proliferation of stromal cells, although the number of binding sites for the synthetic oestrogen oestradiol-17 was found to be much lower than the number of binding sites for androgen [START_REF] Collins | Androgen and oestrogen responsiveness of stromal cells derived from the human hyperplastic prostate: oestrogen regulation of the androgen receptor[END_REF].

To further modulate AR activity, co-activators SRC-1, TIF2, pCIP recruit histone acetyltransferases CBP and pCAF, and the methyl-transferases CARM1 and PRMT to modify chromatin structure of androgen-regulated promoters. These modulators can enhance transcription, while co-repressors SMRT and NCoR interact with histone deacetylases to repress transcription. The transcription A c c e p t e d M a n u s c r i p t factor TRAP220 was found to be indispensable for AR mediated transcription. However, any loss of SRC-1 could be overcome by GRIP1 or AIB1 [START_REF] Wang | Spatial and temporal recruitment of androgen receptor and its coactivators involves chromosomal looping and polymerase tracking[END_REF] suggesting co-operation of numerous DNA-binding factors and coregulators are required.

The stromal AR in CaP stroma was found to be associated with the co-repressor SMRT and AR mediated transcriptional activity was reduced compared to that of BPH stroma [START_REF] Cano | Stromalepithelial cell interactions and androgen receptor-coregulator recruitment is altered in the tissue microenvironment of prostate cancer[END_REF]. In reactive stroma, the prostate stroma-specific AR coactivator Hic-5/ARA55 has been found [START_REF] Heitzer | Hic-5/ARA55 a prostate stroma-specific AR coactivator[END_REF]. This may play a role in regulation of FGF7 growth factor expression and has been shown to influence FGF7 expression [START_REF] Heitzer | Hic-5/ARA55 a prostate stroma-specific AR coactivator[END_REF].

A variety of co-activators are reported to be up-regulated in CaP including SRC-1, TIF2, ARA70, nmt55, Tip60 [START_REF] Setlur | Current thoughts on the role of the androgen receptor and prostate cancer progression[END_REF][START_REF] Halkidou | Expression of Tip60, an androgen receptor coactivator, and its role in prostate cancer development[END_REF][START_REF] Culig | Expression and function of androgen receptor coactivators in prostate cancer[END_REF]. This incease may lead to an increase in AR regulated gene expression, stability, nuclear translocation and increased AR transcription [START_REF] Setlur | Current thoughts on the role of the androgen receptor and prostate cancer progression[END_REF]. But there is yet little evidence to show these cofactors impact on pathology and survival ahead of factors like AR amplification and PSA expression.

ANDROGEN RECEPTOR MUTATIONS.

Numerous mutations have been documented within the AR [START_REF] Linja | Alterations of androgen receptor in prostate cancer[END_REF]. One of the best documented is that in the cell line LNCaP, the common cell line used in most prostate studies. A mutation, T877A (threonine to alanine) in the LBD allows the receptor to be activated by other steroid hormones including oestradiol, progesterone and the antiandrogen flutamide [START_REF] Veldscholte | A mutation in the ligand binding domain of the androgen receptor of human LNCaP cells affects steroid binding characteristics and response to antiandrogens[END_REF]. AR point mutations can occur spontaneously, for example: in the transgenic adenocarcinoma mouse prostate (TRAMP) model. This model has a probasin promoter driven SV40 T antigen transgene which gives rise to a tumour within the dorsolateral/peripheral zone of the mouse prostate [START_REF] Gingrich | Metastatic prostate cancer in a transgenic mouse[END_REF]. The tumour can metastasise to lymph node, lung or bone in selected mouse colonies. Mutations can be selected by androgen removal, or by treatment with antiandrogens (Grossmann et al, 2001, Linja and[START_REF] Linja | Alterations of androgen receptor in prostate cancer[END_REF]. Genetic polymorphisms in the AR gene may play a direct role in clinical outcome of CaP. For example short CAG repeats have been correlated with increased risk for CaP, particularly at an early age. Such polymorphisms may also account for differences in the higher mortality for CaP noted amongst different racial groups [START_REF] Linja | Alterations of androgen receptor in prostate cancer[END_REF], although this remains controversial. In BPH the number of CAG repeats in the PSA and AR genes was not related to clinical outcome, in contrast to CaP [START_REF] Schatzl | Association of polymorphisms within androgen receptor, 5-reductase, and PSA genes with prostate volume, clinical parameters, and endocrine status in elderly men[END_REF]. AR mutations are also common as prostate cancer progresses. These mutations are often seen in the hinge region or LBD resulting in broader ligand specificity and can allow antagonist AR activation. Over two hundred different mutations have been reported, these are not exclusive to CaP, and many germ line mutations including short sequence repeats are reported. Some of these may confer an A c c e p t e d M a n u s c r i p t increased risk for CaP in later life though, or earlier age of disease onset although evidence is limited [START_REF] Linja | Alterations of androgen receptor in prostate cancer[END_REF]. No significant changes have been seen in the AR gene structure or expression in stroma associated with hormone refractory cancer although; in the presence of anti-androgens the AR expressing stroma can be less evident. The mechanism of restoration of glandular architecture and differentiation is closely dependent on stromal influences after restoration of androgen levels. This would require retention of some residual androgen responsive stromal cells, or the activation of alternative growth factor pathways.

Conclusions

Stromal cells, with the capacity to respond to androgens, form an important and understudied cellular compartment of human prostate. The ability of a multitude of growth factors, secreted by stroma to enhance the survival, motility and growth rates of different cells in the epithelial compartment should offer new directions for therapeutic development in the future. 
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  2005) identified 119 genes differentially expressed between normal and CaP stroma including FGF8, IGF1 binding protein 5, a TGF1 induced protein and fibrillin 2. Similarly,[START_REF] Stuart | In silico dissection of celltype-associated patterns of gene expression in prostate cancer[END_REF] detected TGF2, fibulin 2 and connective tissue growth factor in BPH stroma. However, these studies did not isolate the AR positive fraction of stroma.

Figure 1 .

 1 Figure 1. Stromal-epithelial interactions in the prostate. The basal cells are in direct contact with the basement membrane. The cancer stem cell ( sc) is also shown. The stromal cells secrete multiple classes of growth factors important for maintenance of the prostate. Growth factors can be inhibitory (shown in red) or stimulatory (shown in green), some of these are androgen (DHT) regulated. Both cells within the stroma and the luminal epithelial cells within the basal cell compartment express AR. Luminal epithelial cells secrete PSA in response to DHT.

  see Table1for a summary).

	Factor Receptor	Actions	Reference
	FGF2 FGFR-1,4 Proliferation, angiogenesis,	Kwabi-Addo et al, (2004)
			metastasis, autocrine,	
			paracrine, binds AR	
	KGF/	FGFR-2	Epithelial proliferation,	Huang et al, (2006), Heer
	FGF7		stromal differentiation	et al, (2005),
			ductal braching	Grossfeld et al, (1998),
			AR regulated,	Peehl and Rubin, (1995)
	FGF8 FGFR-1,4 Proliferation, correlation with	Gnanapragasam et al,
			stage, prognostic factor, AR	(2002)
			binding region, DHT induced	
	FGF9 FGFR-3	Mitogen on BPH epithelia,	Giri et al, (1999)
			low in CaP	
	FGF10 FGFR-2	Paracrine regulator of	Thomson and Cunha,
			epithelia growth, no AR	
			regulation	
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